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careful investigation of fa9s on a subjeSl getieraUf 
interejling. 
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hand^ with the profess d generous intention, that it 
might be either confirmed or refuted by the expert" 
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arrange it in it's present form ; and as many of the 
premises in the work alluded to, are admitted^ he has- 
adopted some of the figures, to give such ms may be 
readers of both, an opportunity of contrasting the 
deduQions, and determining their judgment accordingly^ 



Bridge-water, 
December, i 7S9. 



CONTENTS, 



[ 7 1 



C N r E NTS. 



ledl» I. Of motion — — — Page im 

Sccft. II. Of friBion. — — — ij 

ScA. III. Of the doSrine of inclined planes 17 

5e<ft. IV. Of the general effeSs of the applica- 
tion of wheels to carriages, — 10 

Seft. V. Of the doBrine of levers. ■ 23 

Icdl. VI* Of the a&ion oj a wheel as a lever^ 

infurmounting obftacles. »■ — 26 

f edt. VIL Of the aSion of wheels in afcending 

re^lar inclined planes. — — -- 3E 

Seft. 



[ « ] 
CONTENTS. 

Sect. VIII. Of the deduBons to be drawn 
from a retrofpeS of the preceding argih 
ments^ and proof of the doSbine. — 36 

Scdl. IX, Of the center of gravity in bodies^ 

and where itjhould be placed in the bo£es of - 
carriages^ refpeBing their axles. — — -— 41 

Scdl. X. Of the center of gravity refpeEling the 
traiifverfe bearings of carriages^ the dijhing 
of wheels^ and bending of axles, ■ ' ' ■■ 5^ 

Se^. XI. Of occajtonal applications to over- 
come obftacles. — 55 

Scft. XII. Of the ufe of friBion wheels^ and 

Garnett'6 rollers. — ■ — 59 




REMARKS 



( » I 



REMARK^ 



O M 



WHEEL CARRIAGES, 



O underftand the general efFefts produced" 
by the application of wheels to caitiages/ aiid 
the particular advantages of thdfe of one con- 
ftruftion compared to thofe of another, it is he- 
ceflary to confider fome principles pertaining' 
to matter in general, but more paxUcularly ii*s 
motion, as far as relates tD the fubje^. 
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SECTION I. 



A 



B S O L UT E Mction is the paflage of any 
body, from one place or iituation to an other; 
as reft is t^e continuation of all it's parts, in the 
fame points of adlual and immovable fpace. 

That relative motion which is material to our 
prefent enquiry, is derived either from an ex- 
ertion of mufcular power, or of that principle, 
the adiion of which when confined to bodies on 
the earth, we call attradibn ; when applied to 
the earth and any other body, it is called gra- 
vity. 

As without the agency of thefe or other obvi- 
ous caufes, matter onlhe earth would be re- 
latively 
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htively ina6kive, h has been fuppbfed by 

fome to poflefs a quality, difpofing it to 

reft; $ but every power (liowever fmall,) 

B 2 being 

i This too general icl^a {eems to arife, from a fnifundcr* 
landing of the vi» inertias attributed to matter bjr Sr, is'iAC 
MawTON, and other great writers on the fubje£) ; by which, 
they meant nothing in matter operating either towards red or 
motion ; but a pafliveneis to abide in that flite in which it is 
placed by any agent ; wheieby, it alters, not from that date, 
but in proportion to the quantity of power, which is exerted 
againH it. Thus, fliould a body of any given weight or 
quantity of matter, moving wiih a cc«am velocity, ftrike 
another body at rcl\ of the fame weight, it woiJd communicate 
half It's moiioti to that ^ ody, and they would move together 
with half the velocity ofthefirfi ; but this proceeds from no 
principle in the body at reft to refill motion, it does^otdeftroy 
in the other more than it receives from it ; therefore no moti- 
on is loft, it is only divided, and the two aftct the diviflon, 
have a power equal to that of the one before it with the whole 
velocity of motion. Indeed, when we fonfider that the leafl 
degree of motion in any body, however (mall, will commu- 
nicate foine degree of it to the largeft in the univerfe, and that 
on the central y none bnt an exactly equal degree of impetus 
«an deprive a body ofa6lual motion, and that immedi* 
ately oppofed to' it ; add to tMs, that fince all matter 
within the reach of uuT obfervation, and by analogy we have 
reafon to think Jiat ail in the univcrfe is in adual and rapid 
• TOotion, impfefs'd on it by it's great Creator, and co-exiflent 
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h^in^ capabljsof aAing on, and producing, (or 
under fpme circumftance* deftroying,) a pro- 
portionate motion in any indeptndent body, 

hpw large foever it may be, no fuch difpofition 

Ik',."' • ■ . 

can exift, confequentlv, is of no eftimation in 
any calculation whatever, either oftheproduAi- 
on or continuation of motion ; for that being 
once communicated, will continue as long as 
the laws of nature exift, unlefs it be counter- 
aded by fome power, or retarded by being in 
contad with fome matter at reft, or poflefs'd of 
a motion different from it's own, whereby a rub- 
ing pf parts or fricftion is produced ; whole ef- 
fects b^ing very material to our purpofe, and 
varying according to the circumftances attend- 
ing the touching furfaces, we will confider them, 
in the following fe<5Uon. 

^ithit, wc may conclude, that if matter do »#t affe^, it is 
y'f t «orc liable to motioa than reft. 



SECTION 
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SECTION JI. 



J; RICTION, or the quantity of motka 
dcftroyed by bodies Aiding over, or againft cack 
other, is ever in a ratio, proportionate to the 
Toughneis of the touching furfaces ; the weig*hft 
•r preffure afting on them ; and the form and 
ftrength of the parts compofing thefe roughnefli* 
©r inequalities ; which proportion is entirely 
cicpendent, on the different prevalence of either 
•f thofe circumftances. 

For, as the furfaces of all, even the hightft 
polifhed bodies, have inequalities ; confequcnt- 
ly, whenever two fuch are placed on, or againft 
each other, and prefs'd together, thofe of one 

mufl 
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muft Aide into« and in fome degree fit thofe •£ 
the other; the variety of fize and figure of 
whofe parts being infinite, I will only delineatt 
Ihemof two forts, in order not only to exprefs 
and argue on the adlion of fuch as thefe two ex- 
aSily defcribe, but alfo on that of all * others, 
as they come the nearcft to either of them. 

FiRSTylet us imagine the parts of two furfaces, 
which are to Aide over each other, to be (when 
Ceenthro' a microfcope,) as defcribed, in the 
plate ift. fig. I ft. in which A is the Aiding 
body to be moved in the diredion C, D, o- 
ver the fixed body B ; now it is evident that 
to efiecft this» the teeth which reprefent the ine- 
qualities of the furfaces, muft be violently bro- 
ken away ; or (if they be too ftrong for that,) 
there muft be a power applied, fufficient to 
raife the Aiding body, fo as for it's teeth to pafs 
over thofe of the body fixed below it, by acling 
as inclined planes, (to be treated of in the next 

fec5lion ;) 
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feftion ;) and in this cafe, the friAion or re« 
fifience will be ever in proportion to the weight 
of the Aider, and it's load ; without any m* 
gard to the length and breadth of the bearing 
furface t for, if one pound weight bore in this 
manner on one tooth, there would be a pound 
to be lifted over that tooth; if on two, the weight 
would be divided between them, and there would 
be but half a pound to Uft over each, and fp on tQ 
any number ; but if we alter the cafcj and make 
the teeth or indentures of fuch a fhape, that they 
cannot poffibly adl as inclined planes, be they 
never fo ftrong ; then would the calculation of 
the degree of friftion, by the weight or preffure 
of the Aider, be very fallacious. 

Let fig, 2d. plate ift. reprefent fuch furfeces^ 
and it will be clear, that inftcad of depending 
•n the weight or preffure only, it will be in pro- 
portion to the number and ftrength of the teetk 
fo locked together ; or in other words, on th^ 

length 
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iM^th ^ind breadth of the rubbing furfaccs.— For 
tSbttt^ will the weight of the Aider have little ovim 
dfeSlf in breaking the teeth or hindering it's 
being done, by the power applied in the direc- 
tion C D ; but if one tooth be to be broken^ 
Jkwill require a certain power to do it, if two% 
dbuble that power, and fo on ; hence, as it is 
impoffible, to afcertain exadly the form of all 
the little prominences on rubbing furfeces, or 
Bcarcft to which of thofe figures they come 
in general ; fo is it impoffible, to give any fixed 
lulc, to determine the proportionate friAion 
of different extended furfaces, under the fame 
pieffure ; but as experience has fliewn that two 
faiicks, or any two fuch bodies are almoft as 
cafily drawn on a table, when placed flat, and 
fide by fide, as when lain on each other ; it 
is evident, that fuch locking of parts feldom 
occurs, and when it does, is perhaps foon 
broken down, and brought nearer to the figure 
fiift defcribed. All I infift on is, that it occurs 

partially 
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IQUtially, for without it the weiring obfervefd to 
tftke place by fn£tion^ could never happen^ 

SECTION ilL 

Jl R O M what has been faid in the preced*^ 
ing feAions, it is evident^ that if a body^ Aich 
as a fledge be placed on a plane perpendicular 
to the line of the earth's attraftion^ or gravity 
aAing on it, it will remain at reft ; being hin- 
dered from receiving notion from that powet 
of attraAion, by the plane which fupportsit al 
right angles^ or in a direftion immediately oppo^ 
fed to that attraAion. But^ as by motion being 
communicated to it in the direction of the 
plane* it would not be in the leaft removed from 
the objed ef it's attra^ion, it would therefore. 
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(if there were no fridion,) be put lit idfdddll' 
by the Icaft poffible power. ' . *- 

If the plane on which the fledge is laid, be 
inclined towards the line of attradllon, ' tJHen 
will it Aide, (as it thereby yields to the impulfe 
of it's gravity,) in proportion to the mclfcation 
of the plane ; and confequently, that Aiding 
can only be efFedlually counterafted, by a povf^^ 
oppofedto it in the fame proportioti; that is^ 
at whatever angle the plane be, the refilling"' 
power acling in a line parallel to the' plane;' 
mull bear the fame proportion to the weight, as 
the perpendicular defcent of any given part of 
the plane, bears to the length of that part of the' 
plane ; as explained by fig. 3d. plate i.ll. in 
which A C B reprefent a level line, A E an in- 
clined plane, whofe perpendicular line or liric 
of the earth's attraction B E, being to the lint" 
A E as one to four, points out that a power at- 
ting in the direftion A E, againft a body Aiding 

down 
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..4owpi tie ujclined plane, .( friftion apart,) 
pctjl b^ej^ut as .one to four to it's weight, inor- 
^4e3C^tej£fift it's motion ; and the fame propor- 
tion hoijds in refpeft to every other degree of 
inclination ; for as C D is to D A, fo fhould 
the power acfting parallel to A D be in a like 
proportion, to hinder motion in a body perfect- 
ly fmooth refting on D A, and acfted on by gra- 
vity. 

Ir the power exceed this proportion, as 
well as the fridion, (which even the beft 
polifbed furfeces are liable to, ) then will it 
overcome the attradion of gravity, and force 
the fledge up the inclined plane. But the 
difficulty of exerting a power equal to that, of 
moving great weights up fteep afcents, being 
great, and exceedingly encreafed by the fridion 
of fuch carriages, it has occaConed the applicati- 
on of wheels to them, as well to leffcn the fric- 
tion, as to overcome occaConal obftaclcs, which in 
C 2 many 



[ a. ] 

m^y cafes, it ivould notj0idy be difieult for % 
fledge to be moved over, bat vkich wtold lie 
altogether impafTablc by any pewer applied w 
the eomtnon line of tradion, any otherwifc 
than by violently removing ft. 

SECTION IV. 



I 



JLT has been before obfervcd, that the additiom 
ofwheels to carriages was intended to leflentke 
fri6lion, and to overcome occafional obftatlts 
more eafily ; that it does both in a great degree, 
when propcrlv applied, will appear from the 
following confiderations. 

A carriage fuch as a fledge flidingover a plane, 
fuffcrs a friftion or rubbing of it's parts againft 
the plane, equal to the diftance through which 
it moves ; but if an axle be applied to it, 

whofe 
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virofe cirtumference fliall be fix inches, and 
#11 thtt, ivheels be placed whofe circumfer- 
ea^e (hall be eighteen feet, it is evident, 
that in moving the carriage eighteen feet o- 
v«r the plane, the wheels will make but one re-- 
volution ; and as there is no Aiding of parts be- 
tween the plane and the wheels but a mere 
change of furftce, by one part of the latter rifing, . 
and the other defcending nearly perpendicular 
to the former, no friftion will take place there, 
tke whole being transferred to the nave a<5Hng on 
the axle, which nave having made but the fame 
•nc revolution as the outer circumference of thfj 
whcjsl, there his been but a Aiding of parts e- 
qual to the circumference of the hole in the nave, 
which if it fitted the axle, would be but fix in- 
ches ; confequently the friclion is leffened, as 
aae to thirty fix, beCdcs the advantage gained 
•f confining it to fo fmall afurface, whereby, 
the parts are more eafily kept fmooth, and fitted 

to each other, and fubftances applied and re-- 

tain*d 
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tzind ta lefTen the remaj{ii|ij; fn^gn^ 

Thus far the defired puipofe is anfweired, ;ind 
(the encrcafed weight cf the wheel aiidC)) tfec 
leflTcning the fricftion will ever be in the fame pro* 
portion^ that the diameter or the circumference 
of the hole in the nave, .bears to that of the 
whole wheel. 

In refpeft to the next defidcratum, which is 
that of overcoming occaConal obftacles, as I 
(hall endeavour to prove, that a wheel in fuch 
cafes a<9:s as a mechanical power, it will be quite 
neceflary, previoufly to confider the principles, 
and laws whereby fuch powers arc determined ; 
which being particular, as well as general, (all 
the different powers being but diflferent combina- 
tions, of the inclined plane and the lever,) and 
the former having been before treated of fuffici- 
ently for our prefcnt purpofe : the latter only 
remains to be underftood. 

SECTION 
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SECTION V^ 

► tev» ig a bar, feme part or point of which, 
Ufitw ofl <Mr againft a fixed body, having foitscs 
applied to it at dififerent diftanccs from it's bear-- 
ingpart, which is called it's fulcrum. Hence 
the kver is of three kinds ; the firft, when the 
fulcrum is between the two acfting powers, in 
wHich cafe if the lever be flraight, they mull adl 
in the fame direftion ; the fecond is when both 
powers are on the fame fide of the fulcrum, and 
in that cafe muft [a6i: in a dire£lIon oppofite to 
each other. 

Or the firfl fort are fteelyards, rudders and 
tillers of fliips, hammers, when ufed in drawing 
nails &c. Of the fecond are cutting knives, 
Aifo a ladder when raifed by the exertion of a 
man under it^ and its lower end confined, is 

confidered- 
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cAnfidered zs a third fort, being differemt 
the cutting knife Sec ; for as the fiiicrttm im 
them is at one end, the power at the other, and 
the refiftance between them ; fo in the ather« 
the fulcrum is at one end« the weight or refifi^ 
ance at the other, and the power between bottle 

In every kind, the different forces requireil 
to ballancc each other, are in exad proportion 
to their rcfpedive diftarices from the fulcrum ; 
provided the adion ot the forces be applied at 
right angles with the lever, or rather with a line 
drawn from the fulcrum, to that part of the 
arms of the lever, where the power or refiftance 
are applied, whether the arms of the lever be 
crooked or not ; as in plate ift. fig. 4th. whick 
reprefents the moll fimple of the firft fort •£ 
levers, F it's fulcrum. 

Now as the point A is three times as far as 
the point B from the fulcrum, it will take a 

weight 
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weight ailing from B at right angles to the arm 
#f the bar or lever, three times as heavy as at A 
to ballance it ; but being put in motion, the end 
A muft defcend three times the fpace thro* 
which, it raifes B ; and fo with the reft, fig. 5th, 
fith, and 7th, plate ift, obferving" this differ- 
ence, that where the lever is crooked, a pulley 
muft be ufed to give the power adling by the 
earth's attra<ftion, a direftion at right angles to 
the arm of the lever, on which it's relative dif- 
tance from the fulcrum fhould be meafured ; 
for fhould it adl obliquely, part of it's effort 
would be loft in the proportion fliewn in fig, 
8th. plate ifi. 

Lbt a B reprefent a lever fupported on the 
fulcrum F ; the arm F B being but h^lf the 
arm A F, one pound weight afling on the point 
A at right angles to that arm, will fupport two 
pounds weight at B, but if inftead of a ftraight 

arm, it were crooked at the fulcrum, and 

D lengthend 
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lengthened fo as to rife to 50, thtn would tlic 
weight A adt obliquely on it ; and altho' that 
arm would be much more than three times the 
arm F B, it would z6i with no more power on the 
lever, than the arm A F^ which is but twice as 
long as F B, and fo of the reft in proportion 5 
therefore, to calculate the effedl of powers thus 
ading on the arms of a lever^ it will be neccfla* 
ry to reduce the aftion to an imaginary line ajt 
right angles to it, on which- to meafure the dift* 
ance from the fulcrum, and this method will 
hold good in every kind of lever and under eve- 
ry circumftance. 

SECTION VI. 



H 



A V I N G thus explained the manner, 
in which fridlon is lefien'd by the application of 

wheels 
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wheels to carriages, and laid down the nature 
and doftrine of levers ; it remains to apply the 
latter, to prove that wheels under particular fitu- 
ations, aft as, and are really the fame as levers. 

To illullratc this, let the circle O, T, A, G, L, 
plate 2d, fig. I ft. reprefent a wheel of four feet 
diameter, plac'd on the level P Q, and oppofed 

in itsprogrefs on that line, by the perpendicu-. 

3 . 

lar obftacle O, 7 "loo inches in height: The 

line of traftion being parallel to the plane as 

C T, in which dircftion a power is to bie applied 

to raife the wheel with its load over the obftacle. 

Now the effort being applied to the carriage, 
is communicated to the wheel, at the nave 
which touches the axle ; this point therefore re~ 
prefcnts the part of the lever, to which the pow- 
er" is applied, and is the point C in the figure ; 
and as the turning point is on the obftacle, that 
D 2 part 
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part of the wheel which touches it, will be the 
fulcrum of the lever ; that arm of the lever te 
which the power is applied, will be reprefcnt- 
ed by the line or fpoke, C O; and as the 
upright fpoke C L is in the line which bears the 
whole weight from the axle, and in which it is 
to be lifted ; therefore, is that part of the cir- 
cupference of the wheel, which is between the 
fulcrum, and the upright fpoke bearing on it, 
the arm of the lever which is to lift the weight ; 
and as in this cafe, neither the power not the 
weight a<Sl at right angles to their refpeclivc 
arms of the lever, we muft recur to the dodlrine 
2Lnd rule laid down in page 26 where the efFed of 
powers afling obliquely on levers is treated of, 
before we can compare the weight, to the power 
required to lift it over the obftacle ; and this is 
done by reducing the arms to imaginary lines, 
drawn from the fulcrum t# the lines of a<Sli- 
on of the power and weight ; then will O M 
reprefent the arm of the lever's power, and 

O 
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ON that of it's weight; and as the length of OM 
is to that of O N, fo is the proportioni required 
to the weight, to ballance it on the obftacle, 
when rifing over it ; and as in this cafe the 
arms are equal, it is plain the power and weight 
»uft be fo too. 

Every perpendicular obftacle therefore, ex^ 

ceeding this proportion to the diameter of the 

3 M, . 

wheeU which is as 7, 100 to 48, will require ^ 

power ading on a line parallel to the plane, 
^rreater than the weight to be lifted ; and every 
•bftacle of fuch form as with if s top to touch the 
wheel bearing a lefs proportion, will be nearly 
•vercome by a power lefs than the weight Ex : 
plate 2d. fig. 2d. let the circle reprefent as be- 
fore, a wheel of four feet diameter, to be moved 
on the plane P Q, and an obftacle fce applied of 
twelve inches height : then will the real lever 
be reprefented by the lines L, O, C, and the 

imaginary 
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iHiaginary one by M, O, N, by which we are 
to calculate the power ; for as the arm M, O^ is 
to O N» fo rtiuft the power a£ling in the diredlion 
C T from the axle be, which as before faid is 
greater than the weight — And by the fame rule, 
if an obftacle be prefcnted to the wheel> as in 
fig. I ft. plate 3d. being but three inches, then 
will it require fuch a power to ballance the 
weight,, as the arm M, O, is to the arm O, N ; 
confequently, the power required in this cafe, 
is lefs than the weight, and it will ever be in this 
proportion, while the line of tra<ftion remains 
the fame ; but fhould that alter, fo will the pro- 
portion, for inftance, let the line of tradion in 
the laft mentioned figure be raifed to the direfti- 
on C, S, which is at right angles to the arm C, 
O, then will C, O, be the imaginary as well as 
real arm ; and confequently, fo much will be 
gain'd, by thus altering the direSion of the 
power, as the length of C, O, exceeds that of 

M, O. 

From 
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From the preceding dodlrine I hope, it will 
be clearly feen^ that wheels in overcoming ob- 
ftacles aft as levers ; but that they do fo ia 
proportion to their fize^ not having been fo folly 
proved, it may be proper to conCder the efFeft 
of a lefs wheel than before delineated, ading a- 
gainft an obftacle equally high with that laiil 
down in fig. ift. plate 2d. 



Let the circle, plate 3d. fig, 2d, teprefent a 

wheel of two feet diameter, and the obftacle 

3 

7, 1 00 inches ; then will the lines G, O, L, as 

before, be the true lever, and M, O, N^ the 
imaginary one, which (as the power muft be 
to the weight as the line N, O, is to O. M, and 
which is more than double,) fhews the great 
advantage of large over fmall wheels ; for it 
was before proved^ that half that power would 
nearly raife an equal weight over fuch an ob- 
ftacle, applied in the fame line of tradlion with 
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a wheel of double the diameter of that laft laid 
down. 

SECTION VII. 

JL H U S far we have been conlideVing the 
natur-e of wheels in overcoming obftacles by 
them, when the line of tradion is parallel, 
(or nearly lo) to the plane on which the obftaclc 
lies, $ we now come to treat of the aftion of 
wheels when afcending inclined planes, and 

whcH 



t It {hould be here remarked, that in every cafe, wb«n a 
wheel a3s as a mechanical power, it is governed by a law ge* 
ncral to all of them, which is, that what is gain'd In power is 
loll in time, hence tho' a wheel of a certain diameter might be 
rais'd over an obflacle double the height, that a lefs wheel could 
l)c rai fed over with the fame power, yet that power muft be 
exerted twice as long to effc£l it, and fo in propoition. 



Viz 



It- 
er 






{ 



er 
id 

5 

i- 

1- 

e 



[ 33 ]i 

whenthftlincoftradion is kept parallel to tlieir 
afcent ; and in this cafe we {hall find, that not - 
withftanding they adl as levers, and their power 
in raiCng a load up an afcent, may be calculated 
cxacftly by the fame rule as before laid diown ; 
yet, in this cafe the aftion of the weight will en- 
creafe with that of the power gain'd by the en- 
creafed Cze of tne wheel, wMch fize therefore 
will be of no other confequence, than by lefTenr 
ing the friftion, as it does in wheels paffing o- 
ver level planes. 

To illuftrate this, obferve fig. i ft. plate 4tIV, 
in which, the larger circle reprefents a wheel of 
four feet diameter, and the lefler, one of two 
feet, afcending the inclined plane L, M, by- 
powers applied in the direftioris G, T, and E, 
S, parallel to the elevation of the afcent, which 
is 45 dcgres from the plane L ; then will you' 
find, that, (by defcribing the lever as before di- 
re^d,) notwithftanding th6 power arm of the 
E- l^vtt 
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lever in the large wheel, be twice as long as that 
of the fmall, yet, as the arm to which the weight 
tends, is encreafed in the fame proportion, no 
advantage will be gain d by it's fuperior fize, other 
than as before was faid in refpe<5l to the fridlion ; 
nor will the proportionate powers of the wheels 
be altered by the lines of tradion being varied; 
for while thefe are kept parallel to each other, 
their relative powers will be found to be equal ; 
and the reafon is obvious, becaufe in wheels af- 
cending or defcending regular inclined planes of 
any elevation, the fulcrum of the lever contain d 
in them, is determined by that part of the wheel 
which touches the plane, and which will ever be 
of the fame proportionate height, both in a large 
and fmall wheel ; but it is not fo, in refpefl to 
the fulcrum mark'd out on a wheel by perpendi- 
cular or irregular obftacles ; for then it will de- 
pend on the height of fuch obftacle, which will 
nx the fulcrum cf ihc lever form'd, a certain 

heiglit 
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height on the wheel, without any regard to it's 
diameter. Confequently, the larger the wheel 
the greater it's advantage, and the more fo, as an 
obftacle may be of fuch a height, as to render ^ 
it impoflible for any power to caufe the wheel 
to furmount it ; and which ever happens when an 
obftacle rifes perpendicular from the plane, as 
high as that part of the wheel, which is cut bv 
a line drawn from the axle parallel to the line 
of,tra<JUon. 

Ex: Let the circle, fig. ad: plate 4th, def- 
cribe a wheel on the plane L, V ; if an obftacle 
be prefented as high as R C, and the line of 
tradlion be C F , then will it l?e impoffible by 
any force applied in that dircdlion, to caufe the 
wheel to furmount it : if the line of traftion 
V were in the diredion C E, a power as much 
exceeding the weight as C H exceeds C B, 
(the two arms of the lever form'd) would nearly 
lift it over the obftacle : but no power would 
E 2 lift 
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lift it over K, B, except the line of traftioxi 
were rais'd; which if it were to C D, then would 
a power exceeding th^ weight as much as CB ex- 
ceeds B A, nearly raife it over, but no power 
in that line would raife it, if the obftacle were 
as high as R A, an<J fo on. 



r>*0 '5!:0^'v^O%^Oi?p'3i&0*0*0*C:::* 
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4JL F T E R havinf fliewn in the firft part 
of this treatife, ^the principle on which bodies 
deicend by their gravity on inclined planes, and 
}?ninled oyt the metbqd of calculating the powxr 

jicceffarf 
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Hcccflary to be exerted, to hinder their defcent, 
or move them in a contrary direfiiori, it will be 
no fmall proof of the doflrine fince laid down 
of the a£lion of wheels, as levers, to fliew that 
agreeably to the laws of mechanical powers, they 
exa<9:ly correfpond in every cafe, where both oc- 
cur ; which is ever fo, when the furface over 
which the wheel is to move, happens to be a 
regular inclination to or from the natural level. 

For an illuftratlon of which, obferve fig. ift. 
plate 5th. in which, the circle is the reprefent- 
ation of a wheel, to be rais'd up the inclined 
plane I, P, being 45 degrees from the level 
line L, the line of tradion C R being defcrib'd, 
C, F,D will be the real lever, and C, F, L, the 
imaginary one, by which to calculate the pow'- 
cr ; for as C, F, is to F, L, fo muft be the pow- 
er to the weight to ballance it on the plane I, P. 

Now 
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Now» if inftead of calculating by the <^o« 
©f the wheels, we conCder it as a body to be 
raifcd up the inclined plane, and leave firitftion- 
out of the account, we muft take a portion of the 
plane to work from ; I S for inftance, then will 
the perpendicular be S T, and as was faid itt 
page 1 8 a power ailing parallel to the afcent^ to 
ballance the weight a<5ling by gravity, muft b<^ 
as the line I S, is to the line S T, which will be 
fouhd exacftly the fame proportion as that by the 
l€ver-fcheme» and corroborates that do<ftrine, as 
well as the poCtion, that wheels z& not as me- 
chanical powers in proportion to their fize, on 
level ground or regular afcents, but that they 
a6l altogether fo, in overcoming occafional ob- 
ftacles. — 

To enumerate the deduftions t# be drawn 
from the preceding arguments with a view to ap- 
ply them to pradlicc, the following obfervations 

occur. 

First 
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First, That to generate motion in a carriage 
without wheels on level ground, nothing more 
is neceffary, than to exert a power fufficient t« 
•vercome the fricftion of the parts, which arc to 
Aide over each other ; which fridtion will ever 
he in a compound proportionate ratio of the 
weight, and the form, fize and ftrength of the 
roughnefljj^ which occafion the friftion. 

Secondly, That by the application of wheels 
to fuch a carriage, the firicftion is as much leflen*d| 
as the circumference of the wheels exceeds that 
•f the holes in their naves, in which their axle* 
work. 

Thirdly, That in the draught of a carriage 
without wheels up k regular plain afcent, thei^c 
is not only the fridlion to be pvercome by the 
power applied, but there muft alfo be exerted 
fufficient, to lift fuch a proportion of the weight 
of the carriage &c. and itfelfr as the perpendi- 
cular 
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cular alcent of any part of the afcehding plane 
bears to that portion of the plane. 

FdaRTHLY^ That if wheels of any fize be ap- 
plied to the" carriage fo circumftancea, they on- 
ly advantage the effeA of the power applied, by 
teffening the friftion ; for altho* they really 3(51 as 
levers, yet as each arm of the levef encreafes 
in length, with the encreafe of the fize of 
the wheels, their power will be no greater, than 
as the inclined plane may be confidered, as a 
mechanical power to rail'e the carriage &c. up 
tile afcerif. 

Fifthly, That in raiCng carriages over per- 
pendicular obflacles, large wheels hav6 the" ad- 
vantage over fmall ones (by acfting as levers) 
nearly in proportion to their refpeftive Czes. 

Si-'CTNLY, Tliat the line of traftion of any 
carriage, fhould if pofnble, be ever direflly pa- 
rallel 
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tallcl to that,' In which the carriage Is to hi riiiij- 
Ved; (for then will the arm of the lever tcf 
i^rhich the power applies, be the longefl: poffibld 
in the wheel) that is, in moving over planes, it 
ij^ould be parallel to the plane, and in fur-^ 
mounting an obftacle, it (hould be perpendicu-* 
lar to the fpoke of the wheel, which points td 
the obfiacle4 

But as it may not be eafliy contrived, fb to 
vary the line under different circumftances^ it 
will be found better to fix it^ at fome medium 
between that which moflly occurs, and that 
tvhich requires ^the greatefl exertion, when it 
happens ; or in other words^ fomewbere be-^ 
tween a level line fuited to plain ground^ and 
regular afcents, and a rifing line perpendieulat 
to the fpoke of the wheel, which points to thrf 
obftacle^ it is moft likely to meet with ," and the 
more attention Chould be paid to the lafl, as all 
wheels but more efpecially fmall ones, are liable 

F to 
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to fink into the ground, over which they may 
pafs, and thereby caufe t cotiftant obftade t# 
their progrefi* 

And here it may not be improper to obfenre, 
that the line of traAion is not an imaginary line, 
drawn from that part of the animal to which the 
traces or chains are attach'd, to the axle of the 
wheel ; but the real diredlion of the traces, to 
whatever part of the carriage they are fattened; 
for it IS evident that in whatever dire&ion, the 
effort be applied to one part of the carriage. It 
will be communicated to the other parts in the 
fame diredion, being all feftened together and 
■ forming one body. 



4 
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SECTION IX. 



W 



£ have been faithertb eohfidering the 
whole weight of carriages, as bearing perpen- 
dicularly on the axles of their wheels ; but, as 
this is not practically the cafe in chairs, carts, 
and other carriages having but two wheels, it 
will be neceflary to treat particularly of their con- 
firuAion ; and if we have a view alone to that, 
which is bell in regard to their traftion under 
different circumftances, I fhall ' endeavour to 
fliew that it is neceflary their centers, (or rather 
tranfverfe lines) of gravity be brought, as near 
the axle of the wheel as poffible ; and if we have 
a view to their fafety, the nearer that center is 
.^o the ground the better. 

To undcrftand this, it is neceflary to know, 
F2 that 
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that the center of gravity of any body is that 
poii^t of it, which being fufpended, all the Ga- 
ther parts of it will continue at reft, in whate- 
ver Ctuation it be placed ; as in a wheels or cir- 
cle ot any equiponderous fubftance, th^ line or 
ppi«it of gravity is thro\ and in the cetitcr, 
by which th e ^ircle is defcribed. * ' 

lu a fquare, whether fuperficial, or folid, 

that point which is equidiftant from it's fides, is 

the center of gravity ; for it is evident, that a 

Jine which reprefents the earth's attra<ftion, .(or 

the gravity of the body) being drawn thro' this 

center, it can be turned in no diredlion about it, 

but as much matter will be on one fide of that 

line, as on the other ; as fig* 2d. and 3d, plate 

5th. will point but ; in which, C is the center 

of each, round which if they be turned, as mucK 

will be on one fide of the dotted line, which is 

that of their gravity, as on the other, let their 

Ctuatiou be what it may. 

JaiT 
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Juf T fp^ has. ^y?^ %^^? however irregukrt 
ftich a center of gravity; tho' it may be fome 
what more difficult to determine it's place ex- 
aaiy. 

It therefore any body be fufptndcd by a 
tranfverfe line palH'ng. thro* it, either below, or 
above that point, the equipoifc of the body will 
only be prefervcd, while it is kept in one creA 
pofition ; for-fhould the fufpenfion be below, and 
the body turned forwards, (as is the cafe with tw# 
wheel'd carriages defcending hills, ) * then will 
the greater part of the weight be thrown before 
theixle, and muft partly be borne up by the 
animal drawing it ; and if afcending the fame 
proportion will be thrown backwards, and tend t« 
lift the animal, whofe weight can alone preferv? 
the ballance (by it's adlion on the fliafts ;) which 
will not only be a pain and hindrance to it, but 
encreafe the friftion on the nave and axle, as it 
encreafes the weight onthcm, juft fo much as that 

of 
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of the animal tends to prefcrvc the balhnee. 

If the body be fufpended above the center of 
gravity, then will the difadvantage be equal, 
but the effed will be riverfed as to afcending and 
dcfccnding hills ; that is, whilft the body is at- 
tached to fbafts fixed to the animal ; but Chould 
the weight be hung under the axle independent 
of the ftiafts, then will it always hang perpendi- 
cular to the center of gravity, and be the fame 
in effeifl, as if it hung immediately by it. 

It may not be thought ill placed here to treit 
•fapofition, generally, but erroneoufly affert- 
ed ; which is in refped to the difadvantages, I 
have juft faid, carriages fufpended above or be- 
low their center of gravity are liable to ; namely^ 
that thefe are encreas'd in proportion to the 
height of the wheels ; becaufe, the hinder part 
of the load in afcending a hill, being thrown 
back, will overhang that part of a large wheel, 

which 
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which touches the afcending plane, much more 
than that of a fmailer out. 

But the fallacy of this rcafoning will appcaii 
if we confider that all the difadvantagc in cither 
cafe is exprefs'd by the weight , which from it's 
aftion om the axle, tends to lift the animal, and 
that this muft be the feme whether the wheels be 
high or low, the figs Jn plate 6th. will explain ; 
fig, xft, reprefents a carriage on two wheels of 
four feet diameter, afcending a plane of 35 de- . 
grees elevation from the level L, E ; fig. 2d. is 
one, whofe wheels are fix feet diameter, cir- 
cumftanced exaftiy the fame as the former, 
C the center and S, P, the line of gravity, A, Rf 
the line of fufpenfion ; in each, the body is 
thrown fo far back by it's afcending pofition, 
that the fpace G, S and A, R is taken from be- 
fore the line of gravity, and added to the part 
behind it ; confequently, a weight of the ani- 
mal, equal to the weight of double that fpace, 

N . muft 
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ifiuft be exerted on the {haft to ballance it ; but 
as was bcforfaid, this is exacftly the fame in 
both the cafes, which the figures reprefent, aitho* 
the wheels are very different in fize^ and the 
point T is fo much the fartheri from where the 
line of gravity falls in the fecond figure, than in 
the firfl ; yet it occalions no other difference^ 
than was pointed out in the cafe of wheels afting 
as leverSj in which it was fhewn,- that under 
fmch circumftances their power was equal* 

As it is inconvenient fior many reafons, to 
place the center of gravity, in the body of a 
carriage low enough in refpeft to it's wheels : the 
beft mode to remedy the defe6l, is to form two 
lines of bearing by the application of three or 
four inftead of two wheels ; and to place thofe 
at fuch diftaiice from each other, that the line 
of gravity may always fall between the two lines 
of bearing in ever)' fituation, to which the car- 
riage may be liable. 

For 
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F^R fig. 3d. plate 6th. will ftiew that if the 
body A be placed on four wheels, whofe axles 
are at B and C, then will it be entirely fupport- 
cd between them, (but moftly by C) even tho' 
the carriage were afcending a hill equal in ele- 
vation to H I, which is fifty degrees from the 
level L E : and in this cafe, no exertion is re- 
quifite in the animal drawing it, to ballance the 
carriage in it's bearings ; whereas, had it been 
fupported by the axle of two wheels only at S, 
then would it's far greater part be thrown be* 
hind the center of fufpenfion, and require a 
power equal to double the weight of the fpace 
between the lines F G, to preferve the equili- 
brium. 

From hence it is demonflrable, that the fur-- 
ther the diftance, the axles of three or four 
wheel'd carriages are from each other, the lefs 
liable will the line of gravity be, to fall on, or' 
beyond fcither of them ; but as this diftance en- 

G creafeS 
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creafes the diflSculty of turning a carriage, a mar 
dium is, and ought to be ebferved therein. 

SECTION x; 



w> 



HAT has been faid in refpeA of keep- 
ing the line of gravity within one of the points 
of fufpenfion, as neceffary to a carriage in af- 
cending or defcending hills, will pretty general- 
ly apply as to it's fafety from overturning, on 
roads out of level, or uneven, in their trans* 
verfe direftion, with this diflPerence, that as 
wheels are not movable on an axle in that dir 
redion, we muft conCdcr the points of fufpenfion 

cf 

KoTE ; The term fufpcnfioa is ufed inflead of fupport/ 
y*hich is more pror»cf, in otd^r not to confound wiA a vari» 
ct^ of letirj. 
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tf the whole, as plac'd in thofe polmts, where 
&ey touch the read, for let fig. xft, plate yth. 
reprefent a crofs feAron of a carriage fupported 
by two wheels ; C it's center of gravity ; this 
carriage being on level ground the whole 
weight of C is fupported equally by the two 
points A B, but place it on ground tranfvcrfely 
xmlevel, as in fig. 2d. then will the center of 
gravity, and confequently the whole weight 
nearly bear on the point B, as much falling on 
•ne fide of it, as on the other ; With this great 
difadvantage to the lower whetel» B D, that it's 
fpokes will not receive the weight perpendicu- 
larly, but fomewhat acrofs them, and thereby 
leflen their ftrenght, at a time when it is neh 
ceffary they fliould be the ftrongeft, having more 
than their fhare, if not all of the weight to bear. 

I* is further evident, that if their points of 
bearing were removed to a greater diftanc* from , 
th^ carriage, it's fafcty would be encreafed ; as the 
G ^ road 
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road muft recline more in propoi^ion, bdTore 
the line of gravity would reach them on either 

fide. 

To efFe6l this, as well as to remedy the dif- 
sdvantage before mentioned, of the lower fpokes 
of wheels being thrown out of their perpendicu- 
lat diredion, when mofl requifite it Ihould be 
preferved, the difhing of wheels was invented ; 
and this is done, by fetting their fpokes into the 
nave in fuch manner, as to decline every way 
from the carriage ; whereby, they bear on the 
read as reprefented by the dotted lines in the 
figure laft referred to, and efiecft the purpofes 
before defcribed. But as almoft every advan- 
tage gain'd by fuch contrivances, is attend- 
ed by fome difadvantage, fo is it with this ; 
fcr by thus forming the wheels, the fpace 
the carriage taxes up on the road is greater, 
V liich mskes it more unmanageable ; and by the 

ipokes net bearing peipendicularly when on 

pl?i» 
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plait grouad, they are then lefs ftrong, and 
vfhich ifc worfc, they cannot bear equal and 
plain between the nave and axle ; for the more 
they difh, the greater will be the friftion on the 
Tipper part of the inner, and under part of the 
outer bearing of the axle : as fig. 3d. plate yth, 
fliewsmore clearly ; for if the wheels there def- 
crib'd, be fo placed with their outer circumfer- 
ence ere<a, they would fall towards each other, 
wer* they not fupported by the axle p?iflin^ thro* 
them ; bee aufe all their weight lies on that fide of 
their bearing points ; the weight of which axle, 
and confequently, that of all the carriage and 
it's load bearing on it, would enfcreafe that ten- 
dency in the wheels, and caufe the outer part 
of each to piefs upwards and the inner dowu 
wards againft the axle. 

It was perhaps to obviate this laft difadvaa 
\age, that the bending the ends of axles dovyn 
wards obtained in praftice ; but the leafl confi - 

deration 
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ideratiMi will demonftnfte, that the lower fpok^i 
of wheels are therAy thrown eredl, and every 
advantage of difhing them is loft, while it douln 
i|r encr«afes the breadth fr#m wheel to wheel 

aloft*. 

And yet worfe is the praftice of bendifig axle 
ends forwards, for by fo doing the wheels are 
uhrown out of that parallel diredion they ihould 
ever ftand in, i on the line of their progrefs ; and 
it tends to draw them towards the carriage ; in 
both cafes occafiofting a confiderable fricftion be*- 
tween the nave, and the Ihouldcr of the axle, 
«nd in the latter, fome degree of it between the^ 
wheel and the ground ; for the wheels, placed - 
in the fituation they muft be in, if the axle be 
bent forwards would foon drfwv together by 
their rolling on the ground, if they were not 
kept afunder by the fhoulders on the axles ; and 
therefore in every revolution, there muft be Z 
rubbing fideways on the ground. 
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Tn otily reafons, I am aware ef, that cA)i 
be jufily afligned for this coiftruiSiion, are, that 
the axle is theiseby firengthened, and that ail 
the bendings and weatings, that, and the nave 
are liable to, from the weight placed on them, 
und from accidental caufes, . tend to bring them 
to that direAion they fhould fiand ih ; but fnre* 
ly, |)iefe do not warrant this prevailing prac- 
tice, in oppofition to the grealf difadvantagcs at-^ 
tending it« 

SECTION XI* 

H U S far the aftion of wheels as generally 
Applied to carriages i» treated of^ I have now to 
point out the ufe of CNtraordinary applications 
td encreafe their effefts ; and this may be done, 

either, 
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either, by lengthening the power arm of the le- 
ver contained in the wheel, (whofe diameter fhall 
yet remain the ftme,) or, by lefleiiing th^ fri^i- 
on of the nave and axle^ tbro* the' ap|>licsition of 
friftitn-xvheels or rollers. 

The fird of thefe, can iH it*$ nature be but a 
temporary expedient, but is often ufed when an 
obftacle prefents it felf to the wheel of a carriage ; 
which, tbo' it need be furmounted, yet it can- 
not be done by the power then applied in the 
common mode of f radion, in which, it's appli- 
cation is at the axle ; but may by transfering 
the aftion of that power, from the center to the 
upper part of the periphery of the wheel; by 
which means the power arm of the lever con. 
fain d in the wheel is nearly doubled, as is ex- 
plain d by the fig. ift. plate 2d.- for, ifthepow-* 
er be applied to the wheel at A, then inftead of 
C O being the arm of the lever, it would be re- 

yrefcrted by tlie dotted line A, tD, which be- 
ing 



1 . 



>-.-, 
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ifig nearly double C O, the fame will be their 
coftt^ratiVe powers. 

Now it may be aflked, why is not a general ad- 
vantage taken of this application, by the chain* 
(whereby the animal draws the carriage) being 
wound round the wheel, fo that the point of 
traftion may be thereby always kept at A ? I 
reply, with that general mechanical theorem, 
that as the power is by this means cncreafcd^ 
time is loft, or in other words, the animal from 
which the power is derived, muft go twice as 
faft as the clarriage, to efFe(5l it's motion by. this 
application ; for altho' the chain if fo wound 
round the wheel, could only unwind from * it a 
length, equal to the diftance it paffes over the 
ground, yet as the wheel is in a progreffive mo- 
tion as well as the animal, confequently the 
latter muftpafs over not only the ground which 
the former does, but alfo a fpace equal to the 

H length 
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length of the ehaiti fo unwinding^ which is juft 
twice as much, and it therefore confines tht ufe 
of this applicatioH to very fliort diftances. 

SECTION XII, 

V V E are not fo bounded in refpcd to the 
ufe of friction wheels and rollers, which not aA- 
ing as mechanical powers, but being folely con- 
trivances to lelTcn the fridion of the touching 
fnrfaces when in motion, are not fubjeft to the 
above mechanical law ; and may therefore be 
applied ad infinitum, without further injury or 
lofs than fucli as arifc from their incumbrance. 

Twi beft application of the firfl of thefe to car- 
riage wheels, i.s to fix the wheel and axle to each 
other in fuch manner, that they my turn toge- 
ther ; 
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thcr 5 then, muft two friAion wheels a little o- 
▼erlapping each other, be fixed on each lid« of 
the body of the carriage, fothat it may bear on 
the axle in the interfedlion of the wheels ; as in 
fig. I ft. plate 8 th. in which, A, B, C, D is the 
body of a cart, the larger circle, the periphery 
of one ofit*swheelsfaften'd on the axle E ; the 
circumference of each friAion-wheel three feet, 
that of their axles three inches; now, as the great 
wheel revolves by the motion of the carriage 
there will be no rubbing of parts between the 
axle and the fricfton-wheels, but all will be trans- 
fered to their axles ; for the fame reafon as was 
fliewn, why the fricftion in a common cafe was 
transferred from the ground, and outer circum- 
ference of the wheel roUipg on it, to it's nave 
and axle. 

EvxRY revolution of the great wheel, in which 

it paffes over eighteen feet of ground, the axle 

of that wheel moves the leffer ones round one 

H 2 fixth 
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Cxth of their' circle ; confequently, theii* axles aorc 
proved thro' the fame proportion of their circum- 
ference, and juft fo much fridion is caufed i 
which being but equal to half an Inch» is leflen'd 
in the proportion of that meafure to eighteen 
fcct, whieh is 432 times in the whole, or twelve 
•imes lefs by the addition of friftion-whecls to 
"vhat it would be without them. For notwith- 
pi^nding the axles on hoili fides are in motion, 
vcr tho calciilrillon muft be as if one only moved, 
•or the more wheels there are which receive the 
bearing, the more will the weight, and confe- 
qncntly the fridlion be divided. 

It will be obje(5ted to tlie fixing the wheels, 
end axles together as firft directed, that they 
are thereby hindered from moving with different 
V elocities, as is requifite, when ever the carriage 
is moving out of a right hne : but fliould fuch 
liic^ion-wbt^el? be adopted, the objedion may be 

eaiily 
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fiafily removed ; by leaving the wheel loofe on 
their axles ; by which means they will be af li- 
^rty to move there, with different velocities 
when requifite, and at the fame time have the 
advantage of the friftion-wheels always as to one 
wheel, and generally as to both. 

But the ufe of this contrivance fcems likely 
to be entirely fuperfeded, by an invention of 
rollers lately compleated by Mr. Garnett of 
Bristol ; thefe for their general applicablenefs 
to all wheel work, their fimplicity, ftrength, 
compaftnefs, cheapnefs and little liability to in- 
jury, bid fair to rival any invention that can 
poffibly be applied to anfwer their purpofe. — It 
is true, the part invented by him was in it felf 
very fmall, and fimple, but as all was inappli- 
cable without that part, it is the fame, as if all 
were his own conftrudlion ; and he has therefore 
very defervedly obtained a patent for the folc 
vending them. 
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I do not know, that I could do jufticc to the 
whole of his machinery, fliould I attempt it, 
(nor am I certain, that he has not, or does not 
intend publifhing on the ufe of them,) but their 
general principle is this. 

Betwlen the axle and nave of any wheel- 
7. ork, is left a fpace to be fill'd up by folid equal 
rollers nearly touching each other ; thefe have 
ixles, which are inferted into a circular ring at 
either end, whereby their relative diftances to 
ifdch other ar« preferved, and they are kept pa- 
rallel by thefe circular rings being fattened toge- 
il.er by means of wires, (which paXs between the 
.oilers) and are rivitted to them. 

To nnderftand the effeft of this machinery 
.:Ieaily, we mufi; proceed in the fame line we 
:.ave before obferved, and confider the adlion of 

:olle:s llmplv betweeti p-arallel furfaces, under * 

different 
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different circumftances as to projeiflion and mo- 
tion. 

First as to plane furfeces with a roller be- 
tween them, it will be found that if one be fix- 
td, and the other in motion parallel to it's fur- 
fiace, it will move forward a roller placed be- 
tween them, but with half the degree of it*s own 
motion ; becaufe of the readion of the ftationa- 
ly plane, which caufes the roller to roll back on 
the moving one, as much as that caufes it to move 
forward on the other : for example, fee fig. 2d. 
plate 8th. if C D be a fixed furface, and A B 
a movable one, with a roller E between them, 
and B be moved forward to G, it will caufe the 
roller to move on to F, which is but half the 
diftancc A B has gone, becaufe it has rolled 
in a retrograde direclion as far againft the furface 
B A, as it has forward on the other ; and that 
folely on account of the oppoCtion it met with 

from ,C D ; for if it did Uv-^t touch that furface, 

and 
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and was by any other means attach'd to A B, it 
would be carried with it, thro' equal fpace witb- 
' out any rolUng motion ; this being underftood, 
it will be clear, that if a roller be placed between 
two circular furfaces, fuch as the axle arid nave 
of a wheel, ajid the wheel be turned round, 
then the roller, (which, if it were not for it's 
rolling motion againft the axle, would be carried 
round with the nave,) will, if left to it's proper 
aftion roll on the axle ; but as by fo doing, it 
will alfo roll with a retrograde motion againft 
the nave, ecjual to it's rolling forward on the 
ixle ; the nave in order to carry it quite round 
muft be turned fo much beyond a whole revolu- 
tion, as is equal, on it's inner circumference, 
to the whole circumference of the axle. 

Example, let A, B, C, D, fig. 3d. plate 8th. 
rtfprefent the riave of the wheel E, whofe inner 
circumrercncc is eighteen inches, the axle of 

which 
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whidb we will fuppofe fo fmall, that it itiay b^ 
confidered as a point ; F 6 two rollers between 
tfaem clofely fitted ; if then the wheel be turn'd 
the rollers will be carried with it round the point 
P ; for as we confider it but as a point, there 
oan be neither rolling nor friAion againft it, but 
if the axle be of a fenfible iizei for inftance one 
inch circumference ; then muft each roilei roil 
round by the motion of the nave againft it, and 
the refiftence of the axle on the oppofite fide j 
but to eflPea this, it will roll in a retrograde di- 
redion againft the nave ; therefore, that muft 
go as fer beyond a revolution, as is equal to the 
circumference of the axle upon itj before the 
roller can go once round the axle, which in this 
cafe is 1 8 by the fame reafoning as ufcd in treat- 
ing of roUcts between ftraight furfeces. 

Should the axle be nine inches in circumfer* 
cnce, and that of the inner part of the nave re- 

I main 
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raaiu as before ; then muft the wheel ret^olvt 
ODce and half, to carry the roller ohce hnind tiitr 
axle, and fo on in the fame proportion : bMiH 
t:;c circumference of an axle muft be ever left* 
than the inner part of a nave turning on it with 
rollers between ; it never can amount - to . twe 
whole reyolutions of the wheel round the axle, 
[however near it may come to it, for the fegmemt 
of no circle can be a right line. 

From tbefe confiderations it is evident, that, 
if feveral rollers be placed round bctweea the 
nave and axle, which ever way the wheel be 
turned, there will be no rubbing of parts, but 
only a rolling of the rollers ; and that if they be 
all of one fize and nicely fitted, they will keep 
their refpedlive diftances, and anfwcr the pur- 
pofe of deftroying friflion. 

This has been long known -; but as by acci- 
dental caufes fuch loofe rollers were liable to ap- . 

proack 



t ^1 3 

yroacfti each otWr, a6d by touching occaCoR 
jpreat friaion, their ufe wai neglefted, 'till Mr. 
GAumett remedied this defeft, by applying an 
a&le to each roller, and inferting them into the 
circular bands before memtioned ; ay in fig. 4th. 
plate 8th. in which A, B. C, D^ reprefent a 
cog of metal to be inferted into a fheave'or nave 
cf any wheel work ; E the axle, I rollers be- 
tween them of folid metal, having axes inferted 
into the circle of brafs, which pafles over their 
center ; and there being one fuch other ring at 
the other end, and both revitted together by 
bolts paffing between the rollers, they are by 
this means kept feperate and parallel. 

It ii true, that by this contrivance fomc fridi- 
•n takes place, between the axles of the rollers, 
and their fockets in the brafs rings ; yet as the 
quantity of fridion has been ftiewn to depend 
chiefly on the force, by which the rubbing fur- 

1 2 faces 
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faees.are prefs'd together, and u ihthis^fe 
there is but the flight preffurc occafion'd by the 
tendency, the rollers may have to approach each 
other by accidental caufcs, ( no weight of the 
wheel or carriage afFefting them,) the fridion 
can be but very trifHing, indeed fo little, as not 
to raife the leaft pbjecJlion to this excellent ma- 
chinery, which with the improvements and ad- 
ditions of it's inventor to adapt them to car- 
riage wheels^ will in my opinion make their 
way to general ufe* 
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